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Abstract 
Due  to the small size, irregular  shape  and variable surface  properties of small  bodies,  accurate  motion  and 
position estimation is needed for safe and precise small body  exploration.  Because of the communication 
delay  induced  by  the  large  distances  between  the earth and targeted small  bodies,  landing on small bodies 
must be  done  autonomously using on-board  sensors and algorithms.  Current  navigation  technology  does 
not provide the  precision  necessary to accurately  land on small bodies, so novel navigation  techniques must 
be developed. Optical sensor processing by machine vision algorithms  offer a possible  solution to this 
difficult autonomous navigation and  control problem.  We are  developing a suite of machine vision 
algorithms  for  autonomous navigation around small  bodies based on optical  sensor input. Optical  sensor 
data  can  come  from many  different  modalities  including passive  monocular  image  streams,  stereo vision, 
laser altimetry, and scanning laser radar  imagery. In an effort  to  understand the advantages and 
disadvantages of each modality,  we  are  developing navigation algorithms  for all of these  modalities. This 
paper  surveys our recently developed  algorithms for motion and position estimation  during  orbit around 
and  descent  to the surface of small  bodies. Specific  technologies  highlighted will be: motion and absolute 
position estimation using monocular  image  streams and laser altimetry;  motion  and  absolute position 
estimation  from  scanning laser radar imagery; and absolute  position estimation  through  detection of crater 
landmarks in asteroid imagery.  The navigation results  from  these  algorithms  provide a  basis for  comparing 
modalities and lay the groundwork  for  sensor and  algorithm selection for future  small body  exploration 
missions. 
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ABSTRACT 

The SIR-C/X-SAR (Space-borne Imaging Radar-C/X-band Synthetic Aperture Radar) is 
a  joint  U.S./GermadItalian project. This instrument aboard the shuttle Endeavour was flown 
twice in 1994. The NASA SIR-C instrument was fully polarimetric and operated at  L-band  and 
C-band simultaneously. The analysis of data from two successful SIR-C/X-SAR deployments 
showed dramatic new capabilities only possible with a multi-parameter imaging radar. The orbit 
was trimmed for the last three days of the second flight to repeat the track of the first flight to 
collect repeat-track interferometric data at all three frequencies. 

The SRTM (Shuttle Radar Topography Mission) took advantage of the unique 
opportunity offered through augmentation of the SIR-C/X-SAR instrument. The SIR-C phased 
array antenna enabled the ScanSAR mode to achieve a wide swath. Addition of  a C-band receive 
antenna, extended from the shuttle bay on a mast, forms an interferometric baseline with the 
existing SIR-C C-band antenna. The SRTM is capable of producing a digital elevation model of 
80% of the Earth’s land surface in  a single 11 day Space Shuttle flight. The C-band SRTM is  a 
joint project of the NIMA (National Imagery and Mapping Agency) and the NASA. The SRTM 
is schedule to be launched in late 1999. 
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